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European Patent AppOcaOon i 

EP 98 11 3951 
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The present European patent appleallon comprised at the time of f91ng more than ten claims. 

□Only part of tfie daims have k>een paid within the prescribed time limit The present European search 
report has lieen drawn up for the firet ten claims and for those claims for which daims fees have 
been paid, namely daim(s): 

LACK OF UNmr OF INVENTION 

The Search Division considere that the present European patent appGoation does not comply wi!h the 
requkeinento of unity of Inveiitlon arid relates to severe Inveritions or groups 0^ 

see sheet B 

All further search fees have been paid within the fixed time OmK. The present European search report has 
been drown up tor all daims. 

□Only part of the furttier searoh fees have been paid within the fixed time Dmit The present European 
search report has been drawn up for tfiose parts of the European patent appficabon which relate to the 
inventions in respect of wtilch seardt fees have tieen paid, namely daims: 

□None of ttie further search fees have tseen paid within the fixed time DmiL The present European searoh 
report has been drawn up for those parts of the European patent appHoalion wMoh relate to the invention 
first mentioned in the daims, namely claims: 

4 



EP0 892028 A3 

European Patent 
Offica 

LACK OF UNITY OP INVENTION 
SHEETB EP 98 11 3851 

AppOcation Kumbef 

Ihe Search Division oonddm that the present European patent appOoation does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-17 

A conposition containing a precursor of a conjugated organic 
polymer and a fluorescent dye (defined in claims 1-17) 

Z. Claims: 18-31 

A method for making an organic EL element conprising a) 
coating a pattern by an ink-jet method of a conposition 
comprising the precursorr of a conjugated organic polymer 
and b ) conjugating the precursor  (claims 18- 31). 
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Description 

BACKGROUND OF THE INVENTION 

5   Reld of the Invention 

TTie present invention relates to a composition for an electroluininescent (EL) element, and more particularly to a 
composition for an organic EL element and a method of manufacturing the organic EL element 

10  Description of the Background Art 

An organic EL element has a constitution in which a cathode and an anode are connected to the opposite sides of 
a solid thin fim containing a fluorescent agarac compound. When a voHage is applied across the electrodes, electrons 
and holes are injected into ttie thin film, and they migrate according to the generated electric field and recomk>ine witii 

IS each other. At the time, excitons are produced by the energy lit)erated upon tiie recombination, and energy (in the form 
of fluorescence or phosphorescence) is emitted when tiie excitons are relumed to the ground slate thereof. This phe- 
nomenon is called electroluminescence. 

The charactenstic of an organic EL element resides in the point that a high luninance surface emission of 100 to 
lOO.OOOod An^ is possible at a low voltage of less tiian about 10V. Furttier, since organic conpounds are used, ttiere is 

20 an unlimited possibility as to the selection of the raw materials. This is tiie excellent advantage of ttie EL element, which 
cannot be found in ottier material systems. For example, by appropriate selection of tiie kinds of ttie fluorescent mate- 
rials, it is possible to provide emission of visible rays ranging from blue color to red cotor. 

In ttils connection, ttie luminescence efficiency and ttie stability of the EL element which are irrportant factors of 
the EL element are achieved by a luminescent layer. In the past, doping of high efficiency fluorescent dyes into the luni- 

2S nescent layer has been carried out in order to improve ttie luminescence efficiency and change the emissbn wave- 
lengttt 

The conventional organic EL element is formed into a ttiin film laminated-type organic ttiin film EL element, in which 
a low molecular material (host material) is mainly used as an organic EL material so tfiat the thin film is formed of the 
low molecular material. Such an organic EL material is formed by adding a fluorescent dye to a low molecular weight 

30 host material. Examples of such an EL element include an element otitained by adcfing a fluorescent dye such as peryl- 
ene or distyrylbiphenyl to a host material such as aluminum quinolynd complex (Alqa) or distyrylbiphenyl or ttie like. 

In order to form a thin fDm from such a low molecular dye compound, a vapor deposition method has been so far 
errployed. However, it is diffkxilt to ot>tain a homogeneous defect-free tiiin film by the vapor deposition mettiod. Further, 
the vapor deposition is not an efficient mettiod. since it takes a long time to form several organic layers by the metiiod. 

3S 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a composition for an organic EL element and a mettiod of manu- 
facturing such an EL element which can perform a high precision patterning in a simple manner and in a short time, 

40 achieve an optimization of a film design and a luminescence charactertetic easily, and facOitate an adSustment of a lumi- 
nescence efficiency, as weD as form a thin f Dm having excellent durability 

In order to achieve such an object, the present invention is directed to a composition for an organic EL element for 
forming at least one luminescent layer having a certain color. The composition comprises a precursor of a conjugated 
organic polymer compound for forming the luminescent layer; and at least one kind of fluorescent dye for changing the 

45 luminescence characteristic of tiie luminescent layer. Preferably, the turranescent layer is made from a pattern of the 
composition which is formed by an ink-jet mettiod. In this case, the luminescence characteristic is a maximum wave- 
lengtti of Bght absorption, and it is preferred ttiat ttie conjugated organk: polymer compound includes a hole injection 
and transfer type material. 

The precursor is preferably a polyallylene vinylene precursor, and more preferably a precursor of a polyparaphe- 
so  nylene vinylene or a polyparaphenylene vinylene derivative. 

The fluorescent dye is preleratily at least one selected from rhodamine or rtiodamine derivative, distyrylbiphenyl or 
distyrylbiphenyl derivative, coumarin or ooumarin derivative, tetraphenylbutadiene (TPB) or tetraphenylbutadiene deriv- 
ative, and quinacridone or quinacridone derivative. In this case, ttie amount of the fluorescent dye to be added is pref- 
erably 0.5 to 10wl% witti respect to a solid component of the precursor of ttie corijugated organic polymer conpound. 

55 Further, it is preferred ttiat the precursor of the conjugated organk; polymer compound and the fluorescent dye exist 
in ttie state of being dissolved or dispersed into a polar solvent Further, it is also prefenred that a wetting agent is con- 
tained in the composition. 

Furttiermore, it is preferred ttiat tiie conposition for the organic EL element satisfies at least one of tiie conditions 
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induding a contact angle of 30 to 170degrees with respect to a material constituting a nozzle surface of a nozzle pro- 
vided in a head of a device used for an inkiet method for cfischarglng the composition, a viscosity of 1 to 20cp and a 
surfeice tension of 20 to 70dynQ^cm. 

The composition for tiie organic EL element according to the present invention is used for a pattem formation for 
5   the luminescent layer, and the pattem fomnation is canied out by the ink-jet method, wherein the composition has a con- 

tact angle of 30 to 1 TOdegrees with respect to a material constituting a nozzle surface of a nozzle provkled in a head of 
an ink-jet device for cfischarging the composition. 

Further, the present invention is also directed to a method of manufacturing the organic EL element The method 
comprises the steps of coating a pattern by discharging a composition for an organic EL element containing a precursor 

10  of a conjugated orgartic polymer compound from a head by an ink-jet method, and forming at least one luminescent 
layer for a certain color by corijugating the precursor of the conjugated organic polymer compound. 

In this method, it is preferred that the compositk>n further includes at least one kind of luminescent dye for changing 
a luminescence characteristic of the luminescent te^er. In this case, the luminescence characteristic is a maximum 
wavelength of light absorption. 

IS Further, it is preferred that the conjugated organic polymer compound includes a hole injection type material. Fur- 
ther, it is also preferred that the precursor of the conjugated organic polymer conpound includes a precursor of a poly- 
allylene vinylene, and nfK>re preferably a precursor of a polyparaphenylene vinytene or a polyparaphenylene vinylene 
derivative. 

The fluorescent dye is preferat)ty at least one selected from rhodamine or rhodamine derivative, distyrylbiphenyl or 
20 distyrylbiphenyl derivative, coumarin or coumarin derivative, tetraphenylbutadiene (TPB) or tetrapheriylbutadiene deriv- 

ative, and quinacridone or quinacrklone derivative. 
Further, it is preferred that the composition for the organk: EL element satisfies at least one of the conditions includ- 

ing a contact angle of 30 to 170degrees with respect toa nozzle surface of a nozzle provided in a he^ of a device used 
for the ink-jet metfKxl for discharging the compositk)n. a viscosity of 1 to 20cp and a surface tenston of 20 to TOdyne/cm. 

25 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectk)nal view which shows steps performed in the manufacturing method of the present inverrtion. 
Fig. 2 is a perspective view whk;h shows an exarrple of a configuration of a head of an ink-jet device which is used 

30       in the manufacturing method of the present invention. 
Fig. 3 is a sectXHial view of the nozzle part of the head of the ink-jet device shown in Fig. 2. 
Rg. 4 is a diagram which shows wavelength at absorption of light in each of the luntinescent layers of the organic 
EL element (Example 1) according to the present inventk>n. 
Fig. 5 is a sectional view whk:h shows steps performed in another emtxxJiment of the manufacturing method of the 

35       present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

Hereint>elow. a composition for an organic EL element (hereinafter, referred to as "conpositbn'O and a method of 
40  manufacturing the organic EL element acoorcfing to the present inventton will be descril>ed in detail t>ased on the pre- 

ferred emtxxiiments shown in the accompanying drawings. 
The compositton for the organk: EL element of the present invention is used to fbrm at least one luminescent layer 

having a certain color, and the luminescent layer is formed from a pattem of the composition which is formed by the ink- 
jet method. The composition for the organic EL element includes as Hs main conponent a precursor of a conjugated 

45  organic polymer oorrpound (hereinafter, referred to as Iprecursor^ for forming the luminescent layer and at least one 
kind of fluorescent dye for changing the emission characteristic of the luminescent layer. 

Here, the precursor means a material which coated for pattern formation as a composition for the organic EL 
together with a fluorescent dye and then coiijugated by heating or the like as shown, for example, by the folk3wing chem- 
ical formula (I) thereby producing a conjugated organic polymer EL layer. For example, when the precursor is a sutfb- 

50  nium salt, an eliminatk>n of the suHonium group is caused kyy a heat treatment so that the precursor is turned into the 
conjugated organic polymer compound. 

55 
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[Chemical Formula (I)] 

5 
I5(ycx 4hr 

Heating 

10 
N2 atmosphere 

(I) 

PPV 

IS Such a conjugated organic polymer conrpound exhibits a strong fluorescence in the sofid stata and is capatsle of form- 
ing a homogeneous and stable solid super thin film. 

Further, the conjugated organic polymer compound has an excellent formability. and has a high adhesion to an ITO 
electroda In addition, such a precursor can form a sturdy conjugated polymer film after hardening. Further, since the 
precursor is used in the form of a precursor solution before hardening, it is possible to adjust its concentration or the like 

20 easily, thereby enak>ling to obtain a coating liquid suitable for inkiet pattern formation as will be described later. This 
means that it is possible to set the optinum conditions for the thin film easily in a short time and to form the thin film 
based on the conditions. 

It is preferred that the conjugated organic polymer compound is a hole injection and transfer type material. With this 
choice, it is possible to promote tiie injection and transfer of the cam'ers, and improve the luminescence efficiency. 

2s As for example of the precursor of such a conjugated organic polymer compoixid. a potyallylene vfnytene precursor 
is preferable. Since the pdyallylene vinylene precursor is soluble to a water-based solvent or an organic solvent, it is 
possible to prepare easily the composition for the organic EL element. Further, since such a precursor can be polymer- 
ized under certain conditions, it is possible to obtain a thin film having high optical quality. 

Examples of such a polyallylene vinylene precursor include: precursor of PPV derivative such as PPV (poly(para- 
30 phenylene vinylene)) precursor, MO-PPV (poly(2.5-dimelhoxy-1.4-phenylene vinylene)) precursor. CN-PPV (poly{2.5- 

bisheo(ylaxy-1.4-phenylene-(1-cyancvinylene))) precursor, MEH-PPV (polyp-methQxy-5-(2'-ethyihexylQxy)]-para-phe- 
nylene vinylene) precursor and the like; poly(alkyttNophene) precursor such as PTV (poly(2,5-thienylene vinylene)) pre- 
cursor and the like; PFV (poly(2.5-furytene vinylene)) precursor; poly(paraphenylene) precursor; and polyalkylfluorene 
precursor, and the lika Among these precursors, the precursor of PPV or PPV derivatives such as shown in the folk>w- 

35  ing chemical fbrnnula (IQ Is most preilerat)le. 

40 

45 

50 

55 
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5 

MEH-PPV MO-PPV 

55 

The precursor of PPV or the PPV derivative is soluble to water. After such a precursor solution is coated, heat treatment 
is carried out to conjugate the precursor, thereby forming a conjugated PPV thin film. 

In the ink-jet method, it is preferable to use a composition which is soluble to water-based, alcohol-based or glyool- 
40  based soh^ent. Since the precursor of PPV or PPV derivative is scUMe to these solvents, it is possble to avoid unde- 

sirable effect on the human body and erosion of the passage of the discharged liquid and the Ink head material which 
would be caused when other solvent are used. 

Further, since PPV and the like possess a strong fluorescence and it is a conductive polymer in whk;h 7c-electron 
of double bond is delocalized on the polymer chain, it is possible to obtain an organk: EL element having high peribrm- 

45 ance. 
The content of the precursor represented by the PPV precursor is preferably 0.01 to 10.0wt%. and more preferably 

0.1 to 5.0wt%, with respect to the total amount of the composition for the organic EL element If the amount of the pre- 
cursor to be added is too small, it is insufficient for formation of the conjugated polymer fflm. On the other hand, if the 
amount of the precursor to be added is too much, the viscosity of the conposHion becomes high, whtoh is not suitable 

so, for coating and pattern f6rmatk>n with high precision by the ink-jet method. 
In additk)n. as for examples of polymer organk: compound other than the PPV precursor which can form a lumines- 

cent layer, pyrazoline dimer. quinolizine caritxixylte ackJ. benzopyrylium perchlorate. benzopyrano quinolizine. rubrene, 
phenanthroline europium complex and the like can be mentkxied. and a composition for the organic EL element con- 
taining one of these conrpounds or a mixture of two or more of these compounds may also t>e employed. 

55 Further, the composition for an organic EL element according to the present inventton includes at least one kind of 
fluorescent dye in addition to the precursor of the conjugated aganic polymer compound described abova In this way. 
it becomes possible to change the luminous property of the luminescent layer. Therefore, the addition of the fluorescent 
dye is effective as a means, for example, for improving the luminous efficiency of the luminescent layer or for changing 

5 
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the maximum wavelength of fight absorption (emitted color) of the luminescent layers. 
Namely, afluorescent dye can t>e utifized not only as a material for the luminescent layers but also as a material for 

the coloring matter which exhibits the lurrvnescence function by itself. This is because almost all of the energy of the 
exdtons which are generated by the recombination of caniers on the molecules of a conjugated organic polymer com- 

5 pound can be transferred onto the molecules of the fluorescent dye. In this case, the current quantum efficiency of the 
EL element is also increased, because the luminescence arises only from the molecules of the fluorescent dye which 
have a high fluorescence quantum efficiency. Accordingly, by the addition of a fluaescent dye into the composition for 
the organic EL element the luminescence spectrum of the luminescent layer becomes the spectrum of the fluorescent 
dye, thereby enat)ling to change the emitted color. 

10 In this connection, it should be noted that what is meant here by the current quantum effidency is a scale for con- 
sidering the luminescence performance according to the luminescence function, and it is defined by the following 
expression. 

S energy of emitted photon/inputted electrical energy 
IS 

In this way, by changing the maximum ravelength of light absorption ty the doping of an appropriate fluorescent 
dye. it becomes possible, for example, to emit the three primary colors of red, green and blue, ther^ enabling to obtain 
a full color cfisplay devica 

Further, the doping of the fluorescent dye also makes it possit)le to improve extremely the luminous efficiency of 
20  the organic EL element. 

As for a fluorescent dye used for the red luminescent layer, laser dye DCM-1, rhodamine or a rhodamine derivative, 
perylene and the like are preferably used. These fluorescent dyes are soluble to solvents because they are lew mole- 
cules, and have a high compatft)ility with PPV or the like, so that a luminescent layer with a good uniformity and good 
stability can be formed. 

25 As for examples of the rhodamine derivative fluorescent dyes, rhodamine B. rhodamine B base, rhodamine 6G, and 
rhodamine 101 perchk>rate and the like can be mentioned. 

Further, as for a fluorescent dye used in the green luminescent layer, qiunacridone, rubrene, DCJT and their deriv- 
atives are pr6ferat}ly used. Since these fluorescent dyes are low molecules in the same manner as the fluorescent dyes 
to be used in the above-mentkmed red luminescent layer, they are soluksle to solvents and have a high compatitxlity with 

30   PPV or the like, so that the luminescent layer can be formed. 
As for the fluorescent dye used in the blue luminescent layer, distyrylbiphenyl and its derivative are preferable. 

These fluorescent dyes are soluble to solvents in the same manner as the above-mentioned fluorescent djfes for the 
red luminescent l^er, and have high conrpatibility with PPV or the like, so that the luminescent layer can t>e formed. 

Further, as fa other fluorescent dyes for generating blue emitted color, coumarin and coumarin derivative can be 
3S mentioned. These fluorescent dyes are solut)le to solvents t)ecause they are low molecules in the same manner as the 

above-mentioned fluorescent dyes, and have high compatibility with PPV or the like, so that the luminescent layer can 
t)e formed. 

As for examples of the coumarin derivative fluorescent dyes, coumarin-1. coumarin-6, ooumarin-7, coumarin 120, 
coumarin 138. coumarin 152. coumarin 153. coumarin 311. coumarin 314. coumarin 334. coumarin 337, coumarin 343 

40  and the like can be mentioned. 
Further, as for other fluorescent dyes Quminescent materials) for generating blue emitted color, tetraphenyttxjtadi- 

ene (TPB) or TPB derivative, DPVBi and the Ito are preferable. Since these fluorescent dyes (luminescent materials) 
are also low nx>lecules, they are soluble to solvenls, and have high oompatbOity with PPV. so that the luminescent layer 
can t>e formed. 

45 These fluorescent dyes and luminescent materials as described above can be selectively used atone or in the form 
of a mixture of two or mae of them. 

The anmint of these fluorescent dyes to be added to the sofid component of the precursor of the conjugated 
organto polymer compound are preferably 0.5 to 10wt %, and more preferably 1.0 to 5.0wt%. If the amount of the f lo- 
rescent dye to be added is too nruch, it becomes dHf k:ult to maintain ttie weather resistance and the durability of the 

so  luminescent layer. On the other hand, the anrxxint of the f toresoent dye to be added is too littie, it is impossible to obtain 
suffteientiy tiie effect of adding the ftorescent dye. 

Moreover, it is preferable ttiat the precursa and the fluorescent dye are dissolved or dispersed into a polar solvent. 
Since the polar solvent is capable of reacfily dissolving or homogeneously dispersing the precursor and the fluorescent 
dye. use of ttie polar solvent makes it possible to prevent ttie solid component in the organic EL composition from being 

55 stuck at ttie nozzle hole of ink-jet device and to prevent ttie nozzle hole from being clogged with the sdkl component. 
Further, it also contributes to maintain ttie high contact angle of ttie ink at the nozzle hole. In ttiis way. it is possible to 
prevent ttie bend in ttie jetted direction of the ink. 

As for examples of ttie polar solvent water; water compatible alcohol such as mettianol. ettianol and ttie like: 
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organic solvents such as N»N<BmethyHormanfiide (DMF), N-methytpyrrolidone (NMP), dimethyfimidazoline PMQ, 
dimethylsuHoxide (DMSO) and the Gke; and inorganic solvents can be mentioned Each of these solvents can be used 
alone or in the form of an appropriate mixture of two a mae of them. 

In addition, it Is preferred that a wetting agent is added in the composition for the organic EL element With this 
5   anangement it is possible to prevent effectively the composition from being dried and solicfified at the inkiet nozzle 

hole. As for examples of such a wetting agent, polyhydric alcohols such as glycerin and diethylene glycol and the like 
can be mentioned. In this case, it is possible to use a mixture of two or more of them. The amount of the wetting agent 
to be added is preferably about 5 to 2(>wt% with respect to the tot^ organic EL ele- 
ment. 

10 Moreover, other additives and fOm stabilizing materials may also be added. For exarrple. stabilizer, antinaging 
agent pH adjusting agent, antiseptic agent, resin emulsion, leveling agent or the like may be ^ed. 

According to the method of nrtanufacturing the organic EL element by the ink-jet method, the above-mentioned 
composition which is in the form of a discharge liquid is discharged from the head of the device used for the ink-jet 
method to form a pattern of at least one luminescent layer with one color selected from the thee primary colors com- 

15  prising red. green and blue and their intermedate colors. 
According to the ink-jet method, a fine pattem formatton can be carried out simply in a short time. In addition, 

through adjustment of the cfischarging amount or the concentration of the discharge liquid, f Dm properties such as film 
thickness and f im area and the like, and the emission capability such as emisskm balance and luminance can be con- 
trolled readily and art)rtrarily. 

20 The organic EL element which is used for the pattem fomiation the ink-jet method has characteristics as 
desaibed below. 

It is preferdble that the compositions have a contact angle of 30 to 170 de^ees, and more preferably, 35 to 65 
degrees, with respect to the material constituting the nozzle surface of the nozzle provkied in the head of the ink-jet 
devtoe. When the contact angle is set to a value within this range, it is possible to cany out a precise patterning by sup- 

25  pressing the bend in the jetted direction of the composition. 
Namely, if the contact angle is less than 30 degrees, wettability of the composition with respect to the material con- 

stituting the nozzle surface inaeases, so that there is a case that the composition adheres asymmetrically to the periph- 
ery of the nozzle hole at the time of discharging the composition. In this case, an attraction acts k>etween the 
composition adhered to the nozzle hole and the composition to be discharged. This causes the discharge of the com- 

30 position by a nonuniform force, which gives rise to a situation so-called l>end in the jetted direction" in which the com- 
position is unat)le to reach the target position. Further, the occurrence frequency of the bend in the jetted direction also 
tends to increase. On the other hand, if the contact angle exceeds 170 de^ees, the interaction between the composi- 
tion and the nozzle hole becomes a minimum and the shape of the meniscus at the tip of the nozzle is unstable, so that 
the control of the amount and the timings of discharge of the composition becomes difficult 

35       In the above descr^ons, what is meant here by the bend in the jetted direction refers to a situation in which, when 
the composition is discharged from the nozzle, the point of impact of a dot deviates from the target position by more 
than 50 finrt Further, the occurrence frequency of the bend in the jetted direction is defined as the time until the bend in 
the jetted direction occurs after a continuous discharge of the composition is started at the frequency of 7200hte. 

TTie bend in the jetted direction is generated principally by such causes as the nonuniformity in the wettability of the 
40 nozzle hole and the clogging of the nozzle hole by the attachment of solid components of the composition. Such bend 

in the jetted direction can be eliminated by cleaning the head. In this connection, mae frequent head cleaning is 
required for more frequency of occurrence of the bend in the jetted direction, and tNs causes to deteriorate the manu- 
facturing efficiency of the EL element by ttie ink-jet method. On the practical level, rt is prefen-ed that an occurrence fre- 
quency of the bend in the jetted direction is more than 1000 seconds. 

45 By preventing such bend In the jetted direction from occurring, it becomes possible to carry out a highly fine pat- 
terning efficientiy with high precision. 

Further, it is preferable that the viscosity of the composition is 1 to 20cp. and rnoreprefera^ Ifthe viscos- 
ity of the composition less than Icp^ the contents of the precursor and the fluorescent dye in the material are too 
small, so that the luminescent layer whfoh is formed cannot exhibit luminescence power suffk:ientiy. On the other hand. 

50 If it exceeds 20cp, it becomes impossible to discharge the composition snxxrthly from the nozzle. Further, it becomes 
difficult to carry out patterning unless othenwise the specification of the ink-jet device is changed, for example, by 
enlarging the diameter of the nozzle hole and so forth. In addition, when the viscosity of the composition is high, pre- 
cipitation of the solid components in the composition tends to occur, thus leading to an increased occurrence frequency 
of clogging of the nozzle hole. 

55 Furthermore, it is preferable that the composition has the surface tensfon of 20 to 70 dyne/cm, and more preferably 
25 to 40 dyne/cm. By restricting the surtace tension to such a range, it is possible to suppress the bend in the jetted 
direction and thereby hoM the occun-ence frequency of the bend in the jetted direction to a lew level, in the same man- 
ner as the case of the above-mentioned contact angia If the surface tensfon is less than 20 dyne/cm, the wettability of 
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the oonposition with respect to the material constituting the nozzle surface increases. As a resuH, not only the bend In 
the jetted cOreclion occurs, t)ut also its occurrence frequency tencte to increase as is discussed with reference to the 
case of the contact angle. On the other hand, if it exceeds 70 dyne/cm, the shape of the meniscus at the tip of the nozzle 
is not statsle, which results in the difficulty In the control of the amount and the timings of discharge of the composition. 

5 Further, as for the composition of the organic El element of this invention, it is preferable to use a oonposition which 
has a characteristic that satisfies the above-mentioned numerical range for at least one of the characteristics including 
the contact angle, the viscosity and the surface tension described abova In this connection, it is more preferable to use 
a composition which has a characteristic that satisfies the above-mentioned numerical ranges for arbitrary combination 
of two characteristics, and it is most preferable to use a composition which has a characteristic that satisfies all the 

10  numerical ranges. These compositions are more suitable for the ink-jet method. 
The method of manufacturing the organic EL element according to the present invention is characterized by includ- 

ing a step of coating a composition fbr the organic EL element primarily containing a precursor of a conjugated organic 
polymer compound by jetting out it from the nozzle hole of the head for the ink-jet device to form a pattern, and a step 
of forming a luminescent layer by conjugating the precursor of the conjugated organic polymer compound described 

IS abova As a composition for the organic EL element used in this method, the compositions fbr the organic EL element 
descrikied above may be employed. 

The precursor of the conjugated organic polymer compound is readily soluble to solvents, and has a large degrees 
of freedom in the selection for the contact angle, viscosity and surface tension of flie jetting liquid. Accordingly, since it 
is possible to (fischarge an arbitrary amount of the composition to an arbitrary position, a precise pattern formatk>n can 

20  be performed and the emission characteristics and the film properties of the luminescent layer can be easily controlled. 
The m^hod of conjugating the precursor of the conjugated organto polymer compound is not particularly linnted, 

but it is preferable to be acNeved by a heat freatment. In fliis way, the luminescent layer can be easily formed with a 
simple manner. 

It is preferat3le ttiat the composition fbr the organic EL element mainly contains a precursor of a conjugated ora- 
2S ganic polymer compound fbr forming a luminescent layer, and at least one kind of fluorescent dye for changing the lumi- 

nesoence characteristics of the luminescent layer. Since the precursor of the conjugated organic polymer compound 
forms a solkf thin film, the fluorescent dye Hself is not required to possess a thin film formation capabiRty, so that it may 
b& used In the form of dispersing molecules. Because of this, varkxjs fluorescent dyes can t>e selected widely, thereby 
enabling to fonfn a desired luminescent layer. 

30 Moreover, as for the precursor of the conjugated organic polymer compound and the fluorescent dye, those com- 
pounds descrbed in the atxjve may be employed. 

The structure of the head of the ink-jet devtoe used In the manufacturing method of the organic EL element accord- 
ing to the present invention is shown in Rg. 2. 

The head 10 for the ink-jet devrce Is provided with, for exanrple, a stainless steel nozzle plate 11 and a vibration 
35  plate 13. arxJ they are coupled via partitioning members (reservoir plates) 15. 

Between the nozzle plate 11 and the vibration plate 13, a Tiquid storage 21 and a plurality of spaces 19 are formed 
by means of the reservoir plates 15. The inside off the respective spaces 19 and the llqukJ storage 21 are filled with the 
composition according to the present inventton, and the spaces 19 communteate with the liquki storage 21 by means 
of supply ports 23. 

40 Further, a nozzle hole 25 is provided In ttie nozzle plate 11 for discharging the composition in a jet-form from tiie 
spaces 19. On the other hand, a hole 27 is formed in the vibration plate 13 for supplying ttie composition to the Ik^ukl 
storage 21. 

Further, on a surface of the v3>ratk>n plate 13 whk;h is opposite to the other suriace that faces with the spaces 19. 
piezoelectric elements 29 are attached at positions corresponding to the positions of the respective spaces 19. 

46       When the piezoelectric element 29 is energized, the piezoelectric element 29 arxi the vibration plate 13 are 
deformed, by which the volume of the space 19 is changed, so tiiat the material for the thin f 9m is discharged from tiie 
nozzle hole 25 toward the substrate. 

In this regard, it is prefMble that a water repellent treatment such as Tefton coating treatment or the like are made 
at the inner wall portion of the nozzle hole 25 and lis peripheral part in order to prevent the bend in the jetted direction 

so  of the composition and prevent ctogging of the hole by the composition. 
' Using the head with the above construction. It Is possible to form organs EL luminescent layers respectively by dis- 

charging the corrpositions corresponding to, for example, the three primary colors red, blue, and green according to 
predetermined paittenns, thereby enabling to form the pixela 

According to the Ink-jet method using the inkiet devtee as described above, the anmunt of the composition to be 
ss  discharged, the number of times of the discharge and the forms of pattems can be adjusted easily and handily, so that 

the luminescent characteristics and film thickness and the like of the luminescent layers can be controlled. 
Rg. 1 is a sectional view which shows steps performed in the embodiment of the manufacturing method for an 

organk; EL element of the present inventton. 
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First, pixel electrodes 101.102 and 103 are formed on a transparent sut>strate 104 such as a substrate made of 
^ass. As for examples of the fornrnng method for these pixel elecbxxJes. photolithography, vacuum deposition method, 
sputtering method and pyrosol method can t>e mentioned. 

These pixel electrodes are preferal)ty transparent As for the materials constituting the transparent pixel electrodes, 
5 a tin oxide film, an IID (indium tin oxide) f Hm and a composite oxide film of indium oxide and zinc oxide can be men- 

tioned. 
Then, the spaces between the pixel electrodes are buried, and then banks 105 which act not only as a Gght cut-off 

layer but also an ink drop preventing wall are formed, for example, by photolithography. 
Further, after coating and patterning red, green and blue conrpositions t>y jetting the akxive-mentioned composi- 

10  tions from the head 110 of the inkiet device 109. they are undergone heat treatment under a nitrogen atmosphere to 
conjugate the precursors in the compositions, thereby fomvng luminescent layers 106 (red), 107 (green) and 108 (iDlue) 
in the form of patterns. 

In addition, an electron Injection and transfer layer 111 is laminated on the luminescent layers 106,107 and 108. 
The electron irijection and transfer layer 111 facilitates the injection of the electrons from the cathode, and contributes 

IS to the prevention of electrode quenching by keeping the luminescent portions away from the cathode to establish a t)et- 
ter contact with the cathode. As for the electron injection and transfer layer 111, aluminum quinolynol complex to which 
the doping is not carried out can be used. As for other organfo compounds which are capable of forming an electron 
irijection and transfer layer, ox^iazole derivatives such as PBD, OXD-8 and the like; DSA; Bebq; triazole derivative; 
azomethine corrplex; porphyrin complex; t>enzQxadiazol complex; and the like can k>e mentioned. In this case, the elec- 

20 tron injection and transfer l^er nrtay be formed by using any one of these conrpounds, or mixing or laminating two or 
more of these compounds. 

Theformingrnettiodforttie electron injection and transfer layer 111 is not limited to a spedfic method. It is possible 
to form the electron injection and transfer layer 111 by using, for example, ink-jet method, vacuum deposition mettKxi, 
dipping method, spin coating method, casting method, capillary method, roll coating method, k>ar coating method or the 

^ Ilka 
In this case^ at the vfoinity of the interface between the luminescent layer and the hole injection and transfer layer, 

a part of tiie materials contained In either of layers may exist in ttie slate of mutual impregnation and diffusing into the 
other layer. 

Then, a cathode 113 Is formed, thereby the organic EL element can be obtained. In this case, it is prefened that 
30  the cathode 113 is formed into a metallic thin film electrode. As for examples of the metal for forming the catiiode. Mg, 

Ag, Al, Li arxi the like can be mentioned. In addition, a material having small work function can be used for the material 
for the cattKxJe 113. For example. alkaD melal. alkali earth metal such as Ca and the like, and alloys containing these 
metals can t>e used. 

The cattKxle 113 may be formed by using, for example, deposition method, sputtering mettiod or the like. 
3S       Fig. 5 is a sectional view which shows a process of another embodiment of the manufacturing method for an 

organic EL element according to the present invention. 
First, in ttie same way as ttie embodiment shown in Rg. 1, pixel electrodes 101.102 and 103 are formed on a trans- 

parent substrate 104 such as a glass substrate, and then banks 105 are formed kyy means of photolittiography. 
Further, the compositions are jetted out from a head 110 for an ink-jet device 109 so that the patterns of composl- 

40  tions for various colors are coated and formed onto ttie pixel electrodes 101.102 and 103. 
After this process, a heat treatment is carried out under an nitrogen atanosphere to obtain tiiin films ttirough conju- 

gation of tiie precursor in each composition, and ttiereby patterns of ttie luminescent layers 106 (red) and 107 (green) 
are formed. ^ 

Next as shown in ttie figure, a blue luminescent layer 108 is fbnned on the red luminescent layer 106, ttie green 
45  luminescent layer 107 and the pixel electrode 103. In ttiis way, it is possible not only to form layers having the three pri- 

mary cofors including red. green and blue, but also to bury ttie level differences between ttie banks 105 and each of ttie 
red luminescent layer 106 and ttie green luminescent layer 107 so as to be flattened. 

No particular limitation is imposed upon the forming mettiod for the blue luminescent layer 108. It is possible to form 
the layer using ttie general film forming mettiod known as deposition mettiod or wet mettiod, for instance, or using ttie 

so  ink-jet mettxxj. 
The blue luminescent layer 108 can be formed of an electron injection and transfer material such as aluminum qui- 

nolynol complex. WHh a structure such as ttiis. it is possfoie to promote ttie injection and ttansfer of ttie earners so as 
to improve the luminous efficiency. 

Furttier. when such a blue luminescent layer 108 is laminated with a luminescent layer formed of a hole injection 
55 and transfer material such as, for exanrple. PPV layer or the like, it Is also possible to Inject and transfer effIdentiy the 

electrons and the holes from ttie respective electrodes into ttiese laminated luminescent layers, thereby enabling to 
more improve the luminous efficiency. 

Furttiermore. when an electron injection and transfer l^er is laminated witti a fide injection and transfer layer, ttie 
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function of hole injection and transfer and the function of electron injection and transfer can be assigned separately to 
different layers, so that optimum design can be selected for the respective materials. 

As described above, when at least one organic luminescent layer for any color is formed by the ink-jet method, the 
luminescent layer for the other color may be formed by a different method. Therefore, even when a luminescent material 

5 which is not so suited for the ink-jet method is used, a full color organic EL element can be formed by using such a mate- 
rial in a combination with other organic luminescent materials thiat are suited for the ink-jet method, so that the latitude 
in the design for the EL element will be expanded. 

As for examples of the fonning method used for the formation of the luminescent layer other than the ink-jet 
method, photolithography method, vacuum deposition method, printing method, transfer method, dipping method, spin 

10 coating method; casting method, capillary method, bar coating method, roll coating method and the like can be men- 
tioned. 

Rnally. a cathode (a counter electrode) 113 is fonned. thereby the organic EL element is completed. 
Hereinbelow, the compositk)n for an organic EL element and the method of manufacturing an orgaitic EL element 

according to the present invention are described in details with reference to the actual examples. 
15 

1. Manufacturing of Organk; EL Element 

(Example 1) 

20 The compositions for the organic EL element made from the compositions shown in Table 1 were prepared for 
respective odors, and then the organk: EL element was manufactured using the compositions. 

As shown in Fig. 1, on the glass substrate 104. ITO transparent pixel electrodes 101.102 and 103 were fonned by 
means of photolithography so as to form respectively a pattern having a pitch of 100 ^ and a thickness of 0.1 |im. 

Then, banks 105 made of photosensitive polyimide were formed photolithography so as to bury the spaces 
2S between the ITO transparent pixel electrodes. In this case, each of the banks 105 was designed so as to have a wkJth 

of 20 |im and a thtekness of 2.0 |un, respectively. 
Further, the luminescent materials for the respective ootors were coated to form patterns by jetbng the composi- 

tions from the head 110 of the ink^et device 109. Then, th^ were undergone heat treatment under a nitrogen atnx^s- 
phere at ISO^'C for 4 hours to conjugate the precursors in the compositions of the materials so as to obtain thin films. 

30  thereby obtaining luminescent layers 106 (red). 107 (green) and 108 (blue) which emit red, green and blue, respectively 
Next, the vacuum depositx>n was carried out using the aluminum quinotynd complex to which no doping was car- 

ried outtofbrm an electron injectk)n and transfer layer 111 havingathkdviessof 0.1 )im. 
Rnally, an Al - Li electrode having a thk^kness of 0.8 |un was lonmed as the cathode 113 by the depo6itk>n method, 

thereby manufacturing the organic EL element. 
36 

(Example 2) 

The organk: EL element was manufactured in the same way as Example 1 except that quinacridone of 0.075 wt% 
(ratio for sold portion of PPV preo^sor: 2wt %) was added into the green luminesoent l^er compositkm as a f luores- 

4a  cent dye as shown in Table 2. 

(Example 3) 

The organic EL element was manufectured in the same way as Example 1 except that rtxxJamine 101 was used as 
45  a fluorescent dye in the red luminescent layer compositton as shown in Table 3. 

(Example 4) 

The organic EL element was manufactured in the same way as Example 1 except that ooumarin 6 cff 0.00375wt % 
so   and cfistyryfbiphenyl of 0.00375wt % (ratk> for solid portion of PPV precursor: 1 wt %) were used as a fluorescent dye in 

the blue luminescent layer composition and that glycerin of 3wt % and diethylene glycol of 12wt% were used as a wet- 
ting agent as shown in Table 4. 

(Examples) 
55 

The organic EL element was manufactured in the same way as Example 1 except that tetraphenylbutadiene (TPB) 
of 0.0075wt % (ratio for sold portkxi of PPV precursor: 2wt %) was used as a fluorescent dye in the blue luminescent 
layer connposition and quinacridone of 0.0075wt % (ratio for sold portXHi of PPV precursor: 2wt %) was used as a flu- 
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orescent dye in the green luminescent layer composition, respectively, and that glycerin of 3wt% and diethylene glycol «. 
of 12wt% were used as a wetting agent as shown in TMe 5. 

(Example 6) 
5 

The organic EL element w^ manufactured in the same way as Example 1 except that ooumarin 138 was used in 
the blue luminescent layer composition as a fluorescent dye as shown in Table 6. 

(Example 7) 
10 

The organic EL element was manufactured in the same way as Example 1 except that CN-PPV precursor which 
emits red color was used instead off PPV precursor and that distyrylbiphenyl of 0.0075wt% (ratio for solid portion off PPV 
precursor: 2wt%) ¥vas used as a blue fluorescent dye and quinacridone of O.b075wt % (ratio for solid portion of PPV 
precursor: 2wt %) was used as a green fluorescent dye without adding any red fluorescent dye, as shown in Table 7. 

IS 
(Comparative Example 1) 

As shown in Table 8» compositions for an organic El element in which aluminum quinolynd complex (Alqa) was 
added as a host material and in which DCM-1 (red). TPB (blue) and coumarin 6 (green) were added as a dopant, 

.20  respectively, was prepared, and then the red. green and blue luminescent layers were formed using the compositions 
t)y means off vacuum deposition method to obtain an organic EL element 

(Comparative Example 2) 

25 As shown in Table 9. compositions for an EL element were prepared, in wNch aluminum quindynol complex (Alqa) 
was added as a host material. DCM-1 (red). TPB (blue) and coumarin 6 (green) were added to the respective compo- 
sitions as a depart, and wetting agert and polar solvert were also contained. Then, respective luminescert layers were 
formed k>y the ink-jet method using the compositions in the same way as Example 1 to obtain an organic EL elemert. 

50  2. Evaluation of the Luminescence Characteristics and the FDm Characteristics of the Luminescert Layers 

The luminescence characteristics and the film characteristics of the respective luminescert layers of the organic 
EL elements which were manufactured according to Examples 1 to 7 and Comparative Examples 1 and 2 described 
atx3ve were evaluated according to the following method& 

3B 
(1) Luminescence Starting Voltage 

A prescribed voltage was applied to the element, and the applied voltage at which a laminance of 1 od/m? is 
obsen^ed was defined as the luminescence starting volt^e [Vth]. 

40 
(2) Luminescence Life 

The initial luminance after a stabilization treatmert has been carried out was set to 100%, and the changes in the 
luminance of the EL elemert were measured under the condition that the elements were kept in continuous lumines- 

45 cence by supplying a constart cunert of standard waveform, wherein the luminescence life is defined as the time until 
the luminance drops to 50% of the initial luminanca 

In this case, the drive conditions for this experimert were set at 40"^ for room temperature, 23% for humidity and 
20 mA/cm? for cunrert density. 

so  (3) Luminance (Brightness) 

The luminance was measured at whk;h the currert was set to 20 mA/bm?. 

(4) Wavelength at Maximum Absorption 
55 

The wavelength at maximum absorption for each lunvnescert layer was measured, 
Fig. 4 is a cfiagram which shows wavelength at absorption of light at the each luminescert layers of the organic EL 

elemert in Example 1. As the result of measuring the wavelength at maximum absorptfon for the respective lumines- 
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cent layers of the organic EL elements obtained in Examples 2 to 7, the same results were obtained. 

(5) Stability in FUm f=iormation 

5        After heating the luminescent layer at 200 ""C for 60 minutes, conditions for occurrence of defects such as crad« 
and deformation in the respective luminescent layers were observed by a microscope. 

The results of the evaluation are shown in Table 10 and Table 11. 
As incficated in Table 10 and Table 11, the luminescent layers in Examples 1 to 7 have excellent luminescence char- 

acteristics and excellent film characteristics. 
10 In contrast with these Examples, the stability in film formation of the luminescent layer in Comparative Example 1 

was poor, and a dark spot was observed in the luminescent layer. Further, for the lunnnescent layer in Comparative 
Example 2. an erosion of the material constituting the head which is caused by chloroform as the solvent was observed. 
Furthermore, it was impossible to complete the fomnation of the pattern due to the clogging of the nozzle beings 
caused. This is because chtorofomi tended to vapor due to its lower boiling point so that a dry luminescent layer mate- 

IS  rial was gathered at and then adhered to the nozzle hole and the periphery thereof to cause tf^ 

3. Evaluatton of the Physical Properties and the Discharging Characteristics of the compositions 

(Example 8) 
20 

A composition for tiie organic EL element having oonpositions shown in Table 12 was prepared, and then the com- 
position for the organic EL element was discharged from the nozzle of ttie ink-jet devfoe In tiie same way as Example 
1 to cany out tiie coating and the pattern formation. 

Then, tti^ were undergone heat treatment under a nitrogen atmosphere at 1 SC'C for 4 hours to conjugate ttie pre- 
2S  cursors in the compositions and to obtain a thin film. wNch fomns ttie red luminescent layer. 

(Examples) 

The blue luminescent layer was formed in the same way as Example 8 except that distyryibiphenyl was used as a 
50  blue fluorescent dye instead of ttie rhodamlne B as shown in Table 13. 

(Example 10) 

The green luminescent layer was formed in the same way as Example 8 except that quinacridone ms used as a 
3S  green fluorescent dye instead of the rtiodamineB as shown in Table 14. 

(Example 11) 

The blue luminescent layer was formed in ttie same way as Example 8 except that ooumarin 6 ms used as a blue 
40  fluorescent dye instead of ttie rhodamine B and that ttie amount of glycerin and diettiylene glycol to be added as a wet- 

ting agent was changed as shewn in Table 15. 

(Example 12) 

4S The blue luminescent layer was formed in ttie same way as Example 8 except ttiat TPB (tetraphenylbutadiene) was 
used as a blue fluorescent dye instead of the rhodamine as shown in Table 16. 

(Example 13) 

so The green luminescent layer was formed in the same way as Example 8 except ttiat CN-PPV precursor which emits 
red color was used instead of PPV precursor, and ttiat quinacridone of 0.0075 wt% was added as a green fluorescent 
dye as shown in Table 17. 

(Connparative Exarrple 3) 
55 

The green luminescent layer was formed in ttie same way as Example 8 except tiiat a composition which includes 
aqueous solution of PPV precursor of 50wt %; glycerin of 20wt % and diettiylene glycol of 20 wt% for wetting agents; 
and DMF of 10 wt % for polar solvent: and quinacridone as a green fluorescent dye instead of the rtiodamine B were 
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. used, as shown in Table 18. * , . . .. 

(Conrparative Example 4) 

5 TTie blue luminescent layer was fbmied In the same way as Example 8 except that coumarin 6 was used as a blue 
fluorescent dye Instead of rhodamine B. that DMF of 75wt % was used as a polar solvent, and that no wetting agent 
was added, as shown in Table 19. 

(Conparative Example 5) 
10 

The red luminescent layer was formed in the same way as Example 8 e)a:ept that a composition which includes 
aqueous solution of PPV precursor of 50wt %; glycerin of lOwt % and diethylene glycol of 10wt% for wetting agents; 
and DMF of 30wt% for polar solvent was used as shown in Table 20. 

15  4. Evaluation of Physical Properties and Discharge Characteristic of ttie Composition 

The contact angle, viscosity and surface tension of the compositions of Examples 8 to 13 and Comparative Exam- 
ples 3 to 5 were measured. 

In addition, the occurrence frequency of ttie bend in ttie jetted direction of tiie composition and the occurrence fre- 
20  quency of clogging of the nozzle hole at the time of discharging the composition from tiie nozzle hole of an ink-jet printer 

(made by EPSON Co., Lti. Model Na MJ-500C. ttie material constituting ttie nozzle surface is a water repellent layer 
to which eutectic tetraf luoroettiytene-nickel Is plated) were also investigated 

(1) Contact Angle 
25 

The contact angle for each composition witti respect to ttie material constituting ttie nozzle surface was measured 
in accordance witti the measurement mettiod of ttie contact angle as stipulated in JIS K3211. 

(2) Viscosity 
30 

The viscosity of each composition at 20 ^'C was measured using Type E viscometer. 

(3) Surface Tension 

35 For ttie surface tension y" of each composition, ttie measurement was canied out by means of the drip mettiod 
as follows. 

When a liquid is dripped gentiy from ttie moutti of a circular tJoe with flat cut plane, a droplet falls as its weight over- 
comes ttie surface tension. If ttie mass of the droplet is called "m", ttie force pulling it downward is "mg", and ttie force 
pulling it upward is 2 n r y f ris ttie outer radius of the moutti of the pipe). Based on ttie relationship between ttie two 

40  forcesi ttie surface tension' y"   the composition was determined ty measuring "Im". 

(4) Occurrence Frequency of Bend in Jetted Direction 

When ttie corifxisition was continuously discharged (at a frequency of 7200Hz), a time required until ttie bend in 
45  the jetted direction occurred was measured. 

(5) Occurrence Frequency of Clogging of Nozzle Hole 

When the composition was continuously dscharged (at a frequency of 7200Hz). a time required until ttie nozzle 
50  hole was leaded to be impossible to discharge the composition because of the clogging of the nozzle hole by tiie pre- 

cipitated solid component of ttie composition, was measured. 
The results of ttiese experiments are shown in Table 21. 
As shown in Tdble 21. each of ttie compositions in Examples 8 to 13 has mart^ly lower values of the occurrence 

frequency of ttie bend in ttie jetted direction and the occurrence frequency of ttie clogging of ttie nozzle hole in compar- 
55  ison witti ttiose of Comparative Examples, and ttie occurrence frequendes indicated by the values were wittiin the 

range of the practical level. 
In particular, when all of the characteristics including ttie contact angle, the viscosity and ttie surface tension of ttie 

compositions fall within ttie ranges specified by this invention, the occurrence frequency of the bend in the jetted direo- 

13 
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tion and the occurrence frequency of the clogging of the nozzle hole were low level, so that It was found that they were 
extremely excellent compositions. 

In contrast, when the composition in Comparative Example 3 was discharged, the occurrence frequency of tiie 
bend In the jetted direction and the occurrence frequency of the clogging of the nozzle hole were high level since the 

5   composition of Comparative Exarrple 3 has a tendency that ttie solid component in the composition is likely to stick at 
the periphery of tiie nozzle hole, so that it was found this oonrposition can not be practically used. 

The composition in Comparative Example 4 has a large value for the occurrence frequency of the bend in the jetted 
direction, so that it was found ttiat it is not suitable for fine pattern formation. 

Further, for the corrposition in Corrparative Exanrple 5. tiie clogging of ttie nozzle occurred in a short time as soon 
TO  as ttie discharge of the corrposition was started, so that it could hardly discharge ttie compositioa 

5. Formation of Organic EL Element 

Then, by carrying out a vacuum deposition of aluminum quinolynol conrplex to which no doping was carried out. ttie 
IS electron irijection and transfer layer 111 having a ttiickness of 0.1 |un was laminated on ttie luminescent layers which 

were formed of the respective compositions in Examples 8 to 13. 
Finally, an Al - Li electrode having a thickness of 0.8 |un was formed as ttie cattiode 113. respectively, by the dep- 

osition mettiod, and ttiereby manufacturing ttie organic EL elements. 

20  6. Evaluation of Luminescent Characteristics and Film Properties of the Luminescent Layer 

The luminescent characteristk:s and ttie fim properties of ttie luminescent layers fomfied from ttie compositions of 
Examples 8 to 13 were evaluated by the same mettiods as described atx3ve with reference to the description "2. Eval- 
uation of Luminescent Characteristics and Film Properties of ttie Luminescent Layer". 

25       The results of these evaluations are shown in Table 22. 
As can be seen from Table 22. ttie luminescent characteristics and ttie film properties of aH of ttie luminescent lay- 

ers fomied using the compositions of Examples 8 to 13 were excellent Namely, it was possible to obtain organk; EL 
elements free from dark spots and have high luminance and bng life. 

In the above, the conrpositions for the organic EL element and ttie methods of manufacturing the organic EL ele- 
30 ments have been desaibed for respective embocfiments illustrated. However, the present invention is not limited to 

these embodiments. Mamely. in ttie mettiod of manutadurlng the organic EL element, it may furttier includes a step of 
inserting arbitrary intermediate layers such as a carrier transporting layer or a buffer layer between ttie layers. As fbr the 
buffer layer. 1.2.4-triazole (TAZ) derivative and the like can be mentioned, which is effective for improving ttie luminance 
and the luminescerx:e life. 

3S Further, the method may further include a step In which surface treatment such as plasma tre2rtment. UV treatment, 
coupling or the like are applied to surfaces of pixel electrode, an underiying layer and the like in order to facilitate the 
sticking of ttie EL materials. Furttier, ttie mettiod may furttier include a step of forming a protective layer on ttie cattxxie. 

Furttiermore. ttie material constituting ttie nozzle surface of ttie ink-jet device is not limited to ttiose of tiie embod- 
iments described above. 

40 Moreover, in the composition fbr the organic EL element of the present invention, the fluorescent dye to be added 
for changing ttie luminescent characteristics is not limited to those of ttie embodiments as long as tti^ can be dissolved 
and dispersed homogeneously into a solvent. 

As described in the above, according to the compositions for ttie orgaruc EL element of ttie present invention, a 
rational design of the organk; EL element is possible tiirough wide ranging selection of luminescent materials. In partic- 

45 ular, when ttie composition for ttie organic EL element includes a precursor of a conjugated polymer based organic 
compound and a fluorescent dye, it Is possible to manufacture an organk; EL element whk^h realizes a full cotor display 
since vartous kinds of luminescent layers can be obtained ttirough ttie selection of varbus materials. In addition, it is 
possible to develop designs fbr varkxjs organic EL elements wrtti high luminance and long lifa 

Furttier, since conditions for a corrposition. such as contact angle, viscosity and surface tensk)n can be freely set. 
so  the conditions suitable as a discharge liquM for the Inkjet mettiod can be easily adjusted. 

According to ttie mettiod of manufacturing ttie organk: EL element, it is possible to employ the ink-jet mettiod to ttie 
formation of a luminescent layer, a hole injection and transfer layer, and an electron injection and transfer layer. In that 
case, it is possible to carry out easily a high precise pattem fomnation in a short time without ttie occurrence of ttie bend 
in the jetted direction of a discharge liqukJ and ttie occurrence of ttie clogging of the nozzle hole. In addition, ttie opti- 

55 mizations of ttie film design and the luminescent characteristics can be readily achieved, ttiereby enabling to form a 
luminescent layer and an EL layer which are capable of easy adjustment of luminescence efficiency and have excellent 
durabirity. 

Furttier. according to ttie ink-jet mettxxJ. conditions such as the film ttik:kness, the nunrt>er of dots and ttie like can 

14 
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be adjusted arbitrarily, so ttiat the size.and the pattern off the luminescent element can also be set art)itrarily. 
Furthermore, according to the inkiet method, the element can be fonned without being restrained by the dimen- 

sions of the substrate and the like since the head can be moved freely. Moreover, since required amounts of materials 
can be arranged at required locations, it is possible to maximally exclude the uselessness of waste liquid and the like. 

5 Finally, it is to t>e understood that the composition for the organic EL element according to the present inventton is 
not limited to the enixxfiments described above, and it is possble to make various changes and addtions without 
departing from the scope and spirit of the present invention as defined in the appended claims. 
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daims 

1. A oomposition for an organic EL element for forming at least one luminescent layer having a certain color, said com- 
55       position comprising; 

a precursor of a conjugated organic polymer compound for forming said luminescent layer; and 
at least one kind of fluorescent dye for changing the luminescence characteristic of the luminescent layer. 

37 
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2. The composition for an organic EL element as claimed in daim 1, wherein said luminescent layer is formed from a 
pattern of the composition which is formed by an inkiet method. 

3. The composition for an organic EL element as claimed in daim 1, wherein the lunvnescence characteristic is a 
5        maximum wavelength of light absorption. 

4. The oonrposition for an organic EL element as daimed in daim 1. wherein the corrugated organic polymer com- 
pound is a hole injection and transfer type material. 

10 5. The composition for an organic EL element as daimed in daim 1. wherein the precursor of the conjugated organic 
polymer compound indudes a polyallylene vinylene precursa. 

6. The conposition for an organic EL element as daimed in daim 5. wherein the precursor of the conjugated organic 
polymer compound indudes a precursor of a polyparaphenylene vinylene or a polyparaphenylene vinylene deriva- 

is five. 

7. The composition for an organic EL element as claimed in daim 1, wherein the fluorescent dye indudes rhodamine 
or rtiodamine derivative. 

20 8. The composition for an organic EL element as daimed in daim 1. wherein the fluorescent dye indudes distyrylbi- 
phenyl or distyrylbiphenyl derivativa 

9. The composition for an organic EL element as daimed in daim 1. wherein the fluorescent dye indudes coumarin 
or coumarin derivative. 

25 
10. The composition for an organic EL element as daimed in daim 1, wherein the fluorescent dye indudes tetraphe- 

nyDxjtadlene (TPB) or tetraiphenylbutadiene derivative. 

11. The composition for an organic EL element as daimed in daim 1, wherein the fluorescent dye indudes quinacri- 
30       done or quinacridone derivativa 

12. The composition for an organic EL element as daimed in daim 1, wherein the precursor of the conjugated organic 
polymer compound and the fluorescent dye exist in the state of being dissolved or dispersed into a polar solvent. 

35 13. The composition for an organic EL element as daimed in daim 1, wherein the amount of the fluorescent dye to be 
added is 0.5 to 10wt% with respect to a solid component of the precursor of the corijugated organic polynrier com- 
pound. 

14. The composition for an organic EL element as claimed in daim 1, wherein the composition contains a wetting agent 
40       for preventing the composition from being dried and solidified. 

15. The compositioh for an organic EL element as daimed in daim 2, wherein a contact angle with respect to a material 
constituting a nozzle surface of a nozzle provided in a head of an ink-jet devfoe used for the ink-jet method for dis- 
charging the composition lies in the range of 30 to 170 degrees. 

45 
16. The convx)sition for the organic EL element as daimed in claim 1. wherein a viscosity of the composition for the 

organic EL element is 1 to 20cp. 

17. The coirposition for the organic EL elen)ent as daimed in daim 1. wherein a surface tension of the compositfon for 
so       the aganic EL element is 20 to 70dyne^cm. 

18. A method of manufacturing an organic EL element, comprising the steps of: 

coating a pattern by cBscharging a composition for an organic EL element containing a precursor of a conju- 
55 gated organic polymer corrpound from a head t>y an ink-jet method; and 

forming at least one luminescent layer for a certain color by conjugating the precursor of the conjugated 
organk; polymer compound. 
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19. The method of manufacturing the organic EL element as claimed in daim 18, wherein the conposition further com- 
prises at least one kind of luminescent dye for changing a luminescence characteristic of the luminescent layer. 

20. The method of manufacturing the organic EL element as claimed in daim 19. wherein the luminescence character- 
5        istic is a maximum wavelength of light absorption. 

21. The method of manufacturing the organic EL element as claimed in daim 18, wherein the conjugated organic pol- 
ymer compound is a hole injection and transfer type material. 

10  22. The method of manufacturing the organic EL element as claimed In daim 18, wherein the precursor of the corru- 
gated organic pdymer compound indudes a precursor of a polyallylene vinylene. 

23. The method of manufacturing the organic EL element as daimed in daim 22, wherein the precursor of the pdyal- 
lyiene vinylene Indudes a precursor of a polyparaphenylene vinylene or a pdyparaphenytene vinylene derivative. 

IS 
24. The method of manufacturing the organic EL element as claimed in any one of claims 19. wherein the fluorescent 

dye indudes rhodamine or rhodamine derivative. 

25. The method of manufacturing the organic EL element as claimed in daim 19, wherein the fluorescent dye indudes 
20 .    distyrylbjphenyl or distyryftHphenyl derivative. 

26. The method of manufacturing the organic EL element as claimed in daim 19. wherein the fluorescent dye indudes 
coumarin or coumarin derivative. 

2S  27. The method of manufacturing the organic EL element as daimed in daim 19, wherein the fluorescent dye indudes 
tetraphenylbutadiene (TPB) or tetraphenytbutadiene derivative. 

28. The method of manufacturing the organic EL element as claimed in daim 19. wherein the fluorescent dye indudes 
quinacridone or quinacridone derivative. 

30 
29. The method of manufacturing the organic EL element as daimed in daim 18, wherein a contact angle with respect 

to a material constituting a nozzle surface of a nozzle of a device used for the inkiet method for dischar^ng the 
conposition lies in the rage of 30 to 170degrees. 

as  30. The method of manufacturing the organic EL elemert as daimed in daim 18^ 
for the organic EL element is 1 to 20cp. 

31. The method of manufacturing the organic EL element as daimed in 18, wherein a sur^ tension of the composi- 
tion for the organic EL element is 20 to TOdyne^cm. 

40 
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